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ABSTRACT 


Seventy-six  subjects  were  exposed  to  single  impulse  noises  produced  by  two  small 
shoulder-fired  rockets,  and  TTS2  was  compared  with  the  CHABA  limits.  The  single  impulse,  95% 
protection,  and  grazing  incidence  correction  factors  of  the  CHABA  damage-risk  criterion  were 
validated.  Grazing-incidence  shock  waves  produced  comparable  results  when  they  arrived  at  the 
ear  from  the  front  and  from  the  rear. 
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Validation  of  the  Single-Impulse  Correction  Factor 
of  the  CHABA  Impulse-Noise  Damage-Risk 
Criterion 

David  C.  Hodge  and  Georges  K.  Garintiiek 

Hitman  Engineering  Labor  a  tor  its,  Ahertiren  Eroving  Grottml,  Maryland  JtOO.S 


Seventy-six  subjects  were  exposed  to  single  impulse  noises  produced  hy  two 
small  shoulder-fired  rockets,  and  TTS;  was  compared  with  the  t'HAHA 
limits.  The  single  impulse.  95%  protection,  and  grazing  incidence  correction 
factors  of  the  CHABA  damage-risk  criterion  were  validated.  Grazing- 
incidence  shock  waves  produced  comparable  results  when  they  arrived  at 
the  ear  from  the  front  and  from  the  rear. 

The  most  comprehensive  impulse-noise  damage-risk  cri 
lerion  (I)RC')  develo]ted  to  date  is  that  which  was  prepared  by 
Working  Group  57  of  the  XAS-NRC  Committee  on  Hearing, 
Bioacoustics,  and  Biomechanics  (CHABA,  1968).  This  DRC 
consists  of  peak  pressure  level  and  duration  limits  which  assume 
exposure  to  100  impulses/day,  arriving  at  the  ear  at  normal  inci¬ 
dence,  and  protection  of  95 '  of  exposed  ears  from  excessive 
TTSjmhi  (temporary  threshold  shift).  Allowable  limits  of  TTS; 
(in  5'  ('  of  exposed  ears)  are:  10  dB  at  or  below  1  kHz;  15  dB  at 
2  kHz;  and  20  dB  at  or  above  3  kHz.  Correction  factors  for 
number  of  impulses/day,  and  for  ear  orientation,  permit  a  family 
of  exposure  limit  curves  to  be  constructed  as  illustrated  in  big.  1. 

As  stated  in  theCHABA  DRC,  the  correction  factor  for  number 
of  impulses  day  is  tentative  and  based  on  little  empirical  evidence. 
Therefore,  this  investigation  was  conducted  with  three  purposes 
in  mind : 

(1)  To  test  the  predictive  accuracy  of  the  single-impulse  correc¬ 
tion  factor  of  the  CHABA  impulse-noise  DRC. 

(2)  To  validate  the  grazing-incidence  correction  factor. 

(3)  To  investigate  whether  impulses  arriving  at  grazing  inci¬ 
dence  from  the  front  or  rear  of  the  head  produced  different  results. 

These  studies  were  conducted  with  two  small  shoulder-fired 
rockets,  the  M72  I.AW  and  the  M20A1  3.5-in.  rocket. 


grams  were  followed  by  exposure  to  the  noise  of  one  rocket  firing 
fn  I’hase  I,  43  Ss  were  exposed  to  \172  and  M20A1  rocket  noises 
with  their  backs  to  the  rocket  so  the  shock  wave  arrived  at 
grazing  incidence  from  the  rear  (the  usual  case  with  small 
shoulder-tired  rocket  launchers).  In  Phase  II,  33  Ss  were  tested, 
lirsl  with  their  hacks  toward  the  M72  rocket  and  later  facing  the 
rocket.  The  postexposure  hearing  test  was  started  2  min  later. 
Pre-  and  postexposure  audiograms  were  compared,  and  TTS 
measures  at  each  frequency  were  converted  backward  in  time  to 
TTS;  by  using  the  method  of  Kryter  (1963) 

II.  Results  and  Discussion 

Table  I  summarizes  the  TTS;  data  of  Phase  I  as  they  apply  to 
the  question  of  the  validity  of  the  single-impulse  correction  factor, 
for  the  M72  LAW  rocket  noise,  V  ",  of  exposed  ears  demonstrated 
TTS;  in  excess  of  the  CHABA  limit  at  6  kHz,  a  result  which  is 
slightly  less  conservative  than  the  criterion.  Tor  the  M20A1  rocket 
exposure,  about  4' of  the  ears  demonstrated  excessive  TTS.  at 
0.5,  1,  and  6  kHz.  These  data  are  slightly  more  conservative  than 
the  criterion.  It  may  also  be  inferred  from  these  data  that  the  5-dB 
grazing-incidence  correction  factor  is  accurate. 

Table  II  presents  TTS*  data  from  Phase  II  which  bear  on  the 
question  of  the  differential  effects  of  rear  versus  front  grazing- 
incidence  impulses.  Tor  the  grazing-rear  exposure,  about  5'q  of 
exposed  ears  exceeded  CHABA-limit  TTS.  at  0.5  kHz,  which  is 
the  result  predicted  by  the  I)RG.  Tor  the  grazing-front  exposure, 
about  3' of  ears  demonstrated  excessive  TTS.  at  the  same  fre¬ 
quency.  The  results  for  these  two  exposure  conditions  are  con¬ 
sidered  to  be  essentially  identical. 


I.  Method 

Subjects:  Army  enlisted  men  served  as  subjects  (Ss)  for  these 
experiments.  All  76  Ss  were  ears  nose1  throat  (ENT)  negative 
and  had  hearing  levels  within  15  dB  of  ANSI-1951  audiometric 
zero  at  0.5-  6  kHz.  The  Ss  were  trained  to  give  reliable  thresholds 
with  Rudmose  ARJ-4  automatic  audiometers  (pulsed  tone)  prior 
to  exposure. 

Xoise  Sources  and  Exposures:  The  study  was  conducted  in  two 
phases.  Phase  I  consisted  of  exposing  the  Ss  to  both  rockets  at 
the  peak  pressure  level  and  B  (envelope)  duration  allowed  hy  I  he 
DRC,  viz.,  161  dB  at  12.5  msec  for  the  M72,  and  159  dB  at  33 
msec  for  the  M20A1.  These  permissible  levels  include  a  +5-dll 
correction  for  grazing  incidence,  and  a  +10-dB  correction  for  the 
single  impulse  exposure  condition.  In  Phase  II,  comparing  rear 
versus  front  grazing  exposure,  only  the  M72  was  used,  again  under 
conditions  which  met  the  DRG.  Tor  all  tests,  the  daily  exposure 
was  to  a  single  impulse.  A  chin  rest  was  provided  at  each  exposure 
site  to  maintain  constant  ear  position  and  orientation. 

Procedure:  Ss  were  tested  two  at  a  time  at  locations  on  each  side 
of  the  weapon  which  were  acoustically  similar.  Preexposure  audio 
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Fir..  1.  Family  of  peak  pressure  level  versus  duration  curves  derived  from 
provisions  of  C1IABA  impulse-noise  DRC.  Parameters  are  number  of  im¬ 
pulses  and  ear  orientation.  Top  curve  was  used  in  these  studies  to  select 
CHAHA-limit  exposure  conditions. 
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Table  I.  TTS2  (in  decil>els)  at  CHABA-limit  conditions  of  M72  and  M20A1  rockets,  ('.razing  incidence  impulses  from  rear.  .V  =86  ears. 


M72  LAW  rocket  M20AI  rocket 


frequency 

(Hz) 

(HA  BA 
limit 

Median 

Min. 

Max. 

Percent  ears  exceeding 
C'HABA  limit  TTSs 

Median 

Min. 

Max. 

Percent  ears  exceeding 
CHABA  limit  TTSs 

500 

10 

0 

-  15 

15 

2.2 

0 

-  10 

1 5 

5.6 

1000 

10 

0 

-  10 

15 

T.i 

0 

-  10 

15 

5.6 

2000 

15 

0 

-  10 

15 

0 

II 

-  10 

10 

0 

.4000 

20 

0 

-  10 

15 

ii 

0 

-  1.5 

15 

0 

4000 

20 

II 

-  10 

20 

0 

0 

-  10 

15 

0 

6000 

20 

(1 

-20 

-10 

7.0 

0 

-  10 

50 

5.6 

Tablk  II.  TTSi  (in  decibels)  at  CHABA-limit  conditions  of  \172  rockets  for  grazing-incidence  e\]M>sures  fiom  the  rear  and  front.  N  =66  ears. 


Test 

frequency 

(Hz) 

CHABA 

limit 

Median 

Min. 

Grazing 

Max. 

rear 

Percent  ears  exee 
CHABA  limit  I 

•ding 

TSa 

Median 

Min. 

Grazing- 

Max. 

—front 

Percent  ears  exceeding 
CHABA  limit  TTSs 

500 

10 

0 

-20 

20 

4.5 

0 

-15 

15 

5.5 

1000 

10 

0 

-  15 

15 

5.5 

0 

-  15 

10 

0 

2000 

15 

II 

-  15 

15 

0 

0 

-15 

15 

0 

5000 

20 

0 

-  10 

20 

0 

0 

-  15 

15 

0 

4000 

20 

0 

-  10 

15 

0 

0 

-  15 

20 

0 

6000 

20 

II 

-  25 

20 

0 

0 

-20 

25 

1.7 

Three  conclusions  appear  to  be  warranted  on  the  basis  of  these 
results : 

(1)  The  single-impulse  correction  factor  of  the  C'HABA  im¬ 
pulse-noise  DKC  has  been  validated,  at  least  for  impulses  having 
H  durations  of  12.5  and  33  msec. 

(2)  By  implication,  the  95'  ;  protection,  and  grazing  incidence, 
correction  factors  have  also  been  validated. 


(3)  Cira/ing-incidence  shock  waves  appear  to  produce  com¬ 
parable  results  when  they  arrive  at  the  ear  from  the  rear  and  from 
the  front. 
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